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We will look at hard and soft engineering 

approaches for coastal protection, economic 

development and ecosystem management.
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earth :: a global map of wind, weather, and ocean 

conditions (nullschool.net)

AIM

https://earth.nullschool.net/#current/ocean/surface/currents/overlay=sea_surface_temp/orthographic=-31.64,23.24,345
https://earth.nullschool.net/#current/ocean/surface/currents/overlay=sea_surface_temp/orthographic=-31.64,23.24,345


1) Quantifying pressure to coastal areas

2) Hard Engineering (Hannah Williams)

3) Soft Engineering

4) Blended Approaches (Activity)

3

C
O

A
S

T
A

L
 E

C
O

S
Y

S
T

E
M

S

CONTENT



INTRODUCTION
C

O
A

S
T

A
L

 D
E

F
E

N
C

E

50 % of global population lives in the coastal zone (Small & Nicholls, 2003)
Coastal population density is 3 x higher than the global average



Rates of change are increasing - makes this a very relevant topic and job

https://www.ipcc.ch/site/assets/uploads/sites/3/2019/11/08_SROCC_Ch04_FINAL.pdf 
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https://www.ipcc.ch/site/assets/uploads/sites/3/2019/11/08_SROCC_Ch04_FINAL.pdf


People can also affect beach stability over multiple scales
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INTRODUCTION

Last week we looked at the DPSIR framework

Shoreline management plans (SMP) and sea level 
rise…….
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HARD ENGINEERING

DR. HANNAH WILLIAMS
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TIME FOR A BREAK – 5 MINS
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• Beach nourishment refers to constant 
replenishment of large quantities of sand to the 
beach system. Beach is therefore extended 
seawards, leading to improvement of both beach 
quality and storm protection. Usually dredged 
(Various types of dredging) offshore and planted in 
required area.

• Needs to be carefully considered not to cause 
problems

• Short term mortality

• Burial

• Reduced light

• Toxicity

• Can cause erosion

• Increased development pressure because of 
cost and misguided sense of security

• High proportions of suspension in water 
column
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• Expensive and impractical to constantly transport large quantities of sand to fill up 
beach. Imported sand that can be continuously eroded and transported away could 
have serious consequences on wildlife living within coastal environment.

• E.g. Coral reefs at Waikiki Beach of Hawaii are destroyed as imported sand gets washed out to sea 
and covers the corals. Corals are deprived of sunlight they need to survive 

• E.g. Singapore – Large scale land reclamation along coast has led to muddy and polluted water 
and has destroyed coral reefs.

• Often to ‘save’ £ dredging occurs in <40ft water which is generally fine sediment 
which is easily eroded and creates a steep beach profile e.g. Wrightsville , North 
Carolina in 1965
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• Moller & Spencer, (2001) highlight how intertidal zones help protect the coast

• An 80m wide saltmarsh can reduce wave energy by 40% (Brampton, 2002)

• Moller & Spencer, (2001) note in their studies in Essex that a 10m saltmarsh reduced wave 
energy by 44% and height by 79%.  

• Cooper (2005) found if the saltmarsh is >300m then energy can be reduced by 97% and 
height by 91%
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Artificial oyster reef, Eastern Scheldt
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Oyster reef living shorelines have been 
proposed as an effective alternative to 
traditional coastal defence structures (e.g. 
bulkheads, breakwaters), with the benefit that 
they may keep pace with sea-level rise and 
provide co-benefits, such as habitat provision.

However, there remains uncertainty about the 
effectiveness of shoreline protection provided 
by oyster reefs, which limits their broader 
application.

The application of oyster reefs in shoreline protection: Are we 
over‐engineering for an ecosystem engineer? - Morris - 2019 - Journal 
of Applied Ecology - Wiley Online Library

https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2664.13390
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2664.13390
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2664.13390


Artificial oyster reef, Eastern Scheldt
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The application of oyster reefs in shoreline protection: Are we 
over‐engineering for an ecosystem engineer? - Morris - 2019 - Journal 
of Applied Ecology - Wiley Online Library

https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2664.13390
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2664.13390
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2664.13390


Loughor is the 4th largest saltmarsh in the UK and a Ramsar site (Barne et al., 1995) and is macro-tidal 
(max. 7.5m).  Natural coastal defence but the area seems to have reduced since the industrial revolution 
(Bristow & Pye, 2003)
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• Human activities such as urban and industrial runoff, urban and port infrastructure development and dredging are 
currently among the major threats to seagrass ecosystems worldwide (Grech et al., 2012).
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Seagrass distribution. Source: UNEP RAC/SPA (2011)
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Erosion control and 
habitat benefits

Get Started - EcoShape

https://www.ecoshape.org/en/concepts/restoring-seagrass-meadows/get-started/


SEAGRASS (WADDEN SEA)
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Schematic of the effect of seagrass on hydrodynamics, waves, and sediment dynamics. a shows the boundary 
layer flow without seagrass and high shear generation in the rough bottom layer. b is the situation with 
submerged canopy (green lines), which dampens velocities in the bottom layer and increases shear generation 
above the canopy. c is the situation with fully emerged canopy, which dampens velocities over the whole water 
column and reduces shear over the whole water column. 

Evaluation of seagrass as a nature-based solution for coastal 
protection in the German Wadden Sea | Ocean Dynamics 
(springer.com)

https://link.springer.com/article/10.1007/s10236-023-01577-5
https://link.springer.com/article/10.1007/s10236-023-01577-5
https://link.springer.com/article/10.1007/s10236-023-01577-5


• Mangrove forest consists of trees and 
shrubs that can tolerate regular 
flooding by seawater. 

• This tolerance is due to one of the 
most distinct characteristics of the 
mangrove trees: aerial roots which are 
part of the day exposed to the air, and 
thereby enable them to survive tidal 
inundation and anoxic (depleted 
dissolved oxygen) sediments.

• Guardians of the coast 25 mins
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https://www.youtube.com/watch?v=4SY7X9zdZ-U


• Planting of Mangroves (-) Not all coastal regions can support mangroves, especially in 
coastal regions with destructive waves. As sediments build up along coast after 
planting mangroves, depth of coast may become shallower and thus affect port 
activities – (E.g. Pose a problem for countries like Singapore that depends heavily on 
maritime trade.) 
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Boxelaere, 2014)
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• Shrimp farm pressure

• Protection from wave erosion: Mangroves

CONSERVATION
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Farming The Sea, Costing The Earth (ejfoundation.org)

https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Ftwitter.com%2FTom__Jenkins%2Fstatus%2F1353977663350824960%3Fs%3D09&data=04%7C01%7C%7C7f16ab30e5c74030bd6c08d8c2b92f65%7C4e0f11f9046e45059cb8db2152311e21%7C0%7C0%7C637473447904083375%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=FAeBvVqZPEDbaNelAI0eN8LD%2BCMZCLshJHDGVV38Rs4%3D&reserved=0
https://ejfoundation.org/resources/downloads/Farming-Sea-Costing-Earth-ok.pdf
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Swept away: $500,000 sand dune built to protect US homes disappears in days | 
Massachusetts | The Guardian

https://www.theguardian.com/us-news/2024/mar/13/sand-dune-tide-beach-house-massachusetts
https://www.theguardian.com/us-news/2024/mar/13/sand-dune-tide-beach-house-massachusetts


Wetlands.org, 2014)
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• JMSE | Free Full-Text | 
Beach Drainage System: A 
Comprehensive Review of a 
Controversial Soft-
Engineering Method 
(mdpi.com)
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• Application of the beach drainage system (BDS) as a tool able to 
modify the natural dynamics of groundwater table at sandy 
beaches. 

• Due to the drainage, the thickening of the layer of dry sand 
makes the solid grains less prone to be mobilized by the action of 
the waves at the swash zone, where interaction phenomena 
between the percolating and the incoming water lens take place.

https://www.mdpi.com/2077-1312/10/2/145
https://www.mdpi.com/2077-1312/10/2/145
https://www.mdpi.com/2077-1312/10/2/145
https://www.mdpi.com/2077-1312/10/2/145
https://www.mdpi.com/2077-1312/10/2/145
https://www.mdpi.com/2077-1312/10/2/145
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• Find an example of a soft or hybrid 
intervention (e.g. a mixture of hard and 
soft engineering) not covered here.

• Summarise the approach

• How effective has it been? If it has not 
been constructed yet, can you identify 
any key risks?

WWF Nature-based Solutions Database Map (arcgis.com)

https://experience.arcgis.com/experience/1f63ece9260c4f839976c7ae8860012b/page/Page/#data_s=id%3AdataSource_3-1875240f541-layer-3%3A29


• Compromise or cosmetic strategy?

• Temporary hard infrastructure – a natural approach can take time to establish and 
hard infrastructure can be used to temporarily reduce disturbances.

• Nature-based solutions: Creating a living shoreline in Louisiana
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WORKING WITH NATURE & HYBRID INTERVENTIONS (ACTIVITY)

https://www.mottmac.com/article/70709/living-shoreline-demonstration
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WORKING WITH NATURE & HYBRID INTERVENTIONS (ACTIVITY)
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WORKING WITH NATURE & HYBRID INTERVENTIONS (ACTIVITY)



Temmerman et al (2013) Ecosystem-based coastal defence in the face of global change Nature 504
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• Are Current UK Coastal Defences Good Enough for Tomorrow? An Assessment of 
Vulnerability to Coastal (tandfonline.com)

https://www.tandfonline.com/doi/pdf/10.1080/08920753.2022.2022971
https://www.tandfonline.com/doi/pdf/10.1080/08920753.2022.2022971
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